Successful creation of arteriovenous fistulas in young children is often surgeondependent; however, micro surgical techniques and screening of potential vessels using ultrasonography or veno graphy have greatly enhanced the success of arteriovenous fistula creation. Moreover, successful creation of arteriovenous fistulas in young children with small arteries (n = 47) 9 and in children weighing <15 kg (n = 3) 10 has been reported. If the appropriate surgical expertise for successful arterio venous fistula creation does not exist in a paediatric centre, consultation with adult vascular access surgeons should be considered. The preferred sites for arterio venous fistulas in both paediatric and adult patients include, in order of preference, radial artery to cephalic vein (radio cephalic), brachial artery to cephalic vein (brachiocephalic) and brachial artery to basilic vein (brachio basilic with or without transposition). Alternatively, an ulnar artery to basilic vein arteriovenous fistula can be created. Femoral artery to saphenous vein arteriovenous fistulas have been described but are rarely used. 10 In their study, Ma and colleagues performed ultrasonography evaluations to monitor access flow rates every 6 months; however, they advise more frequent surveillance because one of the secondary arteriovenous fistula failures in their study might have been prevented if detected earlier. 6 Ma et al. attribute the success of their arteriovenous fistula program to a multidisciplinary approach that involves paediatric nephrologists, dialysis nurses, surgeons and interventional radiologists. 6 They stress the importance of creating a culture among patients, their families and staff, which promotes the use of arteriovenous fistulas for haemodialysis vascular access. These strategies are exceedingly important and ideally, should be implemented in other centres that aim to provide paediatric patients with safe and effective haemodialysis. One of the abiding ironies of kidney transplantation is that calcineurin inhibitors-the mainstay of post-transplantation immunosuppression-are nephrotoxic. This problem, as well as the increased risk of cardiovascular disease associated with the use of calcineurin inhibitors, has spurred efforts to find alternative agents. Mammalian target of rapamycin (mTOR) inhibitors, which were first approved for use in kidney transplant recipients in 1999, were found to have reduced adverse effects on blood pressure and creatinine levels in the short-term compared with calcineurin inhibitors. 1 Moreover, initial concerns about potentially higher rates of acute rejection associated with the use of mTOR inhibitors compared with calcineurin inhibitors were not borne out in a meta-analysis of a decade of studies, 1 although the surrogate end points of patient outcomes, bonemarrow suppression and hyperlipidaemia (which could potentially lead to increased mortality as a result of infection and cardio vascular disease), were worse with mTOR inhibitors. 1 In an effort to investigate the long-term outcomes of mTOR inhibitors in kidney transplant recipients, Isakova and colleagues analysed data on the clinical outcomes of adult and paediatric patients who received single-organ kidney transplants in the US during 1999-2010. 2 Patients were categorized into either mTOR inhibitor (sirolimus or everolimus) without calcineurin inhibitor (ciclosporin or tacrolimus; n = 3,237), calcineurin inhibitor without mTOR inhibitor (n = 125,623) or calcineurin inhibitor plus mTOR inhibitor (n = 10,510) groups, according to their primary maintenance immunosuppressive regimen at the time of hospital discharge after transplantation. The primary outcomes were time to death-censored allograft failure, death, and a composite of the two. The researchers generated Kaplan-Meier survival curves www.nature.com/nrneph In the study by Isakova et al., the increased risk of allograft failure at 2-8 years follow-up associated with the use of mTOR inhibitors rather than calcineurin inhibitors was not quite statistically significant. 2 However, the substantially increased risk of death in this group seems to be real, assuming that all selection bias was accounted for in the covariate analysis. This finding is disappointing, and also somewhat surprising, because mTOR inhibitors have been shown to prolong the lifespan of a variety of animals, including worms, fruit flies and mice. 3, 4 An understanding of why mTOR inhibitors are associated with improved survival in healthy animals but with reduced survival in kidney transplant recipients might help to determine which patients, if any, would benefit from mTOR inhibitor therapy, and at what time post-transplantation they would glean that benefit. The activation of mTOR by growth factors and amino acids drives cell growth and proliferation, and the lifespan extension induced by mTOR inhibitors in healthy animals might be related to the induction of autophagy-the scavenging of unnecessary or dysfunctional molecules and organelles, which simultaneously provides the cell with nutrients for vital functions and removes oxidized components that might otherwise cause damage. Inhibitors of mTOR also upregulate cap-independent translation, which is responsible for the production of proteins involved in the stress response that enable damaged cells to survive rather than undergo apoptosis. 4 Thus, we might expect that mTOR inhibitor therapy would be especially beneficial during stressful events, such as transplant surgery, or at times of poor nutrition, such as during perioperative fasting. However, mTOR is also inhibited by nutrient, ATP, and oxygen deficiency; 5 therefore, pharmacologic mTOR inhibition during stressful periods might result in too much of a good thing.
NEWS & VIEWS
Both the Kaplan-Meier curves and the plots of HR against time in the study by Isakova et al. show that the biggest difference in risk of death between patients on mTOR inhibitors and those on calcineurin inhibitors occurred during the first 2 years post-transplantation; the HR decreased steeply from 2.33 (95% CI 1.75-3.10) immediately post-transplantation to 1.29 (95% CI 1.08-1.55) at 2-year follow-up and then levelled out. 2 Is use of mTOR inhibitors associated with an increased risk of death particularly during the immediate posttransplantation period or is there a subset of patients at particularly high risk of death on mTOR inhibitors who die <2 years posttransplantation and are, therefore, removed from the pool of long-term survivors? In either case, the increased risk of death soon after transplantation could be a direct effect of mTOR inhibitor therapy or the result of an interaction with concomitant immunosuppression. An analysis of cause of death 0-2 and 2-8 years post-transplantation in patients who receive mTOR inhibitors versus those on calcineurin inhibitor therapy might be revealing. A possibility exists that much of the increased risk of death associated with the use of mTOR inhibitors might be abrogated by delaying mTOR inhibitor use after transplantation. mTOR inhibitors are often used over calcineurin inhibitors in transplant recipients to decrease the risk of allograft failure. However, the study by Isakova et al. does not show a decrease in the risk of allograft failure in patients treated with mTOR inhibitors. 2 Despite the potential benefit of mTOR inhibitors in slowing the development of chronic kidney disease, concerns exist about delayed recovery from acute kidney injury in patients treated with these agents. The role of mTOR in cell growth and proliferation means that mTOR inhibitors impair healing. This impairment is most obvious from a surgical standpoint in terms of wound issues, hernia, and lympho cele development, 6 but can also have adverse effects on the transplanted kidney. In rats, mTOR contributes to the recovery of renal tubular cells following ischaemiareperfusion injury, 7 and in kidney transplant recipients, mTOR inhibitor exposure soon after transplantation is associated with substantially impaired recovery from delayed graft function. 8 In this context, it is interesting that in the study by Isakova et al., the change in HR with time is even steeper for allograft failure than for death, with a HR for allograft failure of 3.1 (95% CI 2.44-3.94) immediately post-transplantation decreasing to 1.21 (95% CI 1.02-1.42) at 2 years follow-up. 2 However, these curves are unadjusted and whether the observations are due to post-transplantation complications resulting from mTOR inhibitor use, or reflect poor outcomes as a result of existing factors that drive the clinical decision to use mTOR inhibitors rather than calcineurin inhibitors, is unclear.
These new data also raise questions regarding the practice of converting from a calcineurin inhibitor to an mTOR inhibitor in patients who develop calcineurininhibitor-induced nephrotoxicity after nonrenal solid-organ transplantation. The realization that renal failure following transplantation of other organs substantially increases mortality 9 has been a strong impetus to attempt to minimize the use of calcineurin inhibitors in patients with renal dysfunction induced by these agents-often by converting to mTOR inhibitor therapy. 10 This point highlights one of the major limitations of the study by Isakova et al.; patients were assigned to calcineurin inhibitor or mTOR inhibitor groups according to their immunosuppression on hospital discharge without accounting for later changes in therapy. Thus, the major drug exposure of the patients during the 8-year follow-up is unknown. More importantly, the effect of conversion to mTOR inhibitor therapy versus remaining on calcineurin inhibitors was not analysed. A minor weakness is the fact that patients who died or had graft failure during the transplant admission were not included in the analysis. Although these patients represent a small percentage of the total study population, they account for approximately 20% of the deaths and allograft losses in the series. 2 The available data clearly indicate that mTOR inhibitors are not an appropriate alternative to calcineurin inhibitors for all kidney transplant recipients. The analysis of HRs in single variable patient subsets by Isakova et al. did not identify any categories of recipients for whom mTOR inhibitors were beneficial in comparison to calcineurin inhibitors, although some subgroups did tend towards a lower HR for death associated with mTOR inhibitor use than other subgroups. For example, the HR for death 2-8 years post-transplantation was 1.16 (95% CI 0.67-2.00) for kidney transplant recipients with cancer compared with 1.27 (95% CI 1.11-1.45) in those without cancer, and patients with delayed graft function had a HR for death of 1.19 (95% CI 0.95-1.49) compared with 1.26 (95% CI 1.09-1.45) in those without. 2 These data suggest the possibility that a patient with cancer and/or delayed graft function might have a lower risk of death and allograft failure if started on mTOR inhibitor therapy 2 years posttransplantation rather than at the time of transplantation. Finally, it is important to note that mTOR inhibitors are not the only available alternative to calcineurin inhibitors; belatacept, which blocks T-cell co stimulation, has also been approved for use in adult kidney transplant recipients.
